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Amendments to the Specification: 

Please amend the Title at page 1, line 1, of the Application as follows: 

CLEAR FIELD ANNULAR EQUAL LINE SPACE CHROMELESS PHASE SHIFTING 
MASK AND METHODS FOR MANUFACTURING THE SAME 

Please amend the Abstract as follows: 

A chromeless phase shifting mask comprises a mask substrate and at least one annular equal line 
space phase shifting pattern on the mask substrate to produce [[a]] an substantially unexposed 
region on a semiconductor substrate. A method of manufacturing a chromeless p hase shifting 
mask comprises providing a mask substrate; forming a layer of resist material on said the mask 
substrate; patterning the resist laver: patterning at least one annular equal line space phase 
shifting pattern on patt e rning at l e ast one annular equal lino Qpaoo phoao shifting pattern on th e 
r e sist lay e r; patt e rning the rooiflt layor pattern onto 9ft*d the mask substrate; and removing a 
remaining portion of said: the resist layer. A mothod of tronQforring a pattern onto a 
scmioonductor-substrat e compris e s illuminating a ma s k - comprising at loaot ono annular effi trf 
lino apaoo phaso shifting pattern on the - maok to produc e a oubDtontially un e xpos e d r e gion on a 
somioonduotor aubGtrato. 

Please amend Paragraph [0030] of the Specification as follows: 

On the other hand, in order to form equal-line-space interconnect lines 520 3 530, and 54 0. 550. 
560. and 570 on a semiconductor substrate such as a wafer, corresponding lines 640, 650, 660, 
670, 680, and 690 on a mask have to be positively biased. Lines 640, 650, [[and]] 660, 670, 680, 
and 690 are of a phase approximately 180 degrees different from the mask substrate 600. 

Please amend Paragraph [0008] of the Specification as follows: 
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A mask comprises a mask substrate and at least one annular equal line space phase shifting 
pattern on said mask substrate to produce an opaque unexposefl region on a semiconductor 
substrate. A method of manufacturing a mask comprises providing a mask substrate; forming a 
layer of resist material on said substrate; patterning at least one annular equal line space phase 
shifting pattern on said resist layer; patterning said pattern onto said mask substrate; removing a 
remaining portion of said resist layer. A method of transferring a pattern onto a semiconductor 
substrate comprises illuminating a mask comprising at least one annular equal line space phase 
shifting pattern on the mask to produce an opaqu e unexposed region on a semiconductor 
substrate. 

Please amend Paragraph [0023] of the Specification as follows: 

The pitch (Pm) on a mask substrate is N times of the corresponding pitch (Ps) on a 
semiconductor substrate where N can be an integer equal to or larger than one. For example, a 
four times (4X) mask is used in a stepper for photolithography processes, i.e. Pm = 4Ps. In order 
to form a large opaque unexposed region on a semiconductor substrate, there is no requirement 
of minimum mask pitch (Pm) for the annular equal line space phase shifting pattern as long as 
photolithography technology allows. As a result, a mask pitch (Pm) smaller than the 
corresponding critical dimension pitch on a semiconductor substrate (N x Pes, for example 4Pcs) 
can result to a large opaque unexposed region on a semiconductor substrate. However, the mask 
pitch (Pm) of an annular equal line space phase shifting pattern has to be smaller than two times 
of the corresponding critical dimension pitch on a semiconductor substrate (N x 2Pcs, for 
example 8Pcs), in order to form a large opaque unexposed region on a semiconductor substrate. 
That is to say, 0 < Pm < N x 2 Pes. 

Please amend Paragraph [0028] of the Specification as follows: 

However, when an incident radiation 470 passes an annular equal line space phase shifting 
pattern where N x Pes < Pm < N x 2Pcs, 0 order 480 of the diffraction disappears and only +1 
order 482 of the diffraction enters a projection lens 440 to form an image. Because the intensity 
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of +1 order 482 of the diffraction alone is much lower than a threshold exposure intensity, the 
portion of resist underlying an annular equal line space phase shifting pattern is not exposed. In 
another embodiment, when a mask pitch (Pm) is smaller than the corresponding critical 
dimension pitch on a semiconductor substrate (N x Pes, for example 4Pcs), i.e. Pm <N x Pes, 
not only 0 order of the diffraction disappears but +1 order of the diffraction is also not collected 
by a projection lens. As a result, a large opaque unexposed region on a semiconductor substrate 
can be obtained. An opaqu e unexposed region that corresponds to the annular equal line space 
phase shifting pattern is then formed on the resist layer 450 and further transferred to the 
semiconductor substrate 460- Without employing an annular equal line space phase shifting 
pattern, a large feature such as a pad or an interconnect would be exposed to a ring-like shape 
with a hollow inside rather than a solid shape that the feature is designed to be. Thus, when a 
sufficiently large feature, depending on the photolithography environment, begins to be exposed 
as a hollow ring rather than a solid dark region on a semiconductor substrate, an equal line space 
phase shifting pattern can be applied to the large interconnect to improve the result of exposure. 

Please amend Paragraph [0029] of the Specification as follows: 

As shown in FIG. 5, an integrated circuit design on a semiconductor substrate usually contains a 
larger interconnect area 510 and thinner interconnect lines 520 to 570. A phase shifting mask 
capable of transferring a pattern containing both large opaque unexposed areas 510 and features 
with critical small dimension 520 to 570 is necessary. As mentioned above, a chromeless phase 
shifting mask with an annular equal line space phase shifting pattern thereon can be employed to 
transfer an opaqu e unexposed region onto a semiconductor substrate such as a wafer. Thus, to 
form a larger interconnect area 5 1 0 on a wafer, an annular equal line space phase shifting pattern 
605 on a mask comprising annular rings 610, 620 and a central portion 630 as shown in Fig. 6 is 
used. The annular ring 610 and the central portion 630 are at the same phase, which is 
approximately 180 degrees different from that of the annular ring 620 and of the mask substrate 
600. 
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